OJF8, were isolated from the sediments of a freshwater aquarium. The organisms were chemoheterotrophic, spherical and pink-pigmented, had an optimum growth temperature of about 30-35 6C and an optimum pH for growth of around 7.5-8.5. The predominant fatty acids were C 18 : 1 v9c and C 16 : 0 . The two strains were able to assimilate several sugars and organic acids. 16S rRNA gene sequence analysis confirmed the affiliation of these organisms to the phylum 'Planctomycetes'; they showed highest similarity to the type strains of Singulisphaera acidiphila (92.4 %) and Isosphaera pallida (91.9 %). On the basis of physiological, biochemical and chemotaxonomic characteristics, strains OJF2
T and OJF8 are considered to represent a novel species of a new genus of the order Planctomycetales, for which the name Aquisphaera giovannonii gen. nov., sp. nov. is proposed. The type strain of Aquisphaera giovannonii is OJF2 T (5CECT 7510 T 5DSM 22561 T ).
Members of the phylum 'Planctomycetes' possess many peculiarities not found in other bacteria: they reproduce by budding, have a distinct nucleoid and lack peptidoglycan in the cell wall. At the time of writing, this phylum comprises nine genera with only ten cultured and validly named species (Kulichevskaya et al., 2008 (Kulichevskaya et al., , 2007 Schlesner et al., 2004; Ward et al., 2006) , although the small number of organisms isolated betrays the great diversity and ubiquity that has been revealed by molecular microbial ecology techniques (Brümmer et al., 2004; Kirkpatrick et al., 2006; Köhler et al., 2008; Kulichevskaya et al., 2006; Shu & Jiao, 2008; Woebken et al., 2007) . The physiological diversity may also be larger than cultured strains suggest, leading us to look for new representatives of this group in pure culture. We have therefore attempted to isolate novel planctomycetes from different environments, leading to the recovery of two strains (OJF2 T and OJF8) from an ornamental freshwater aquarium. In this study we describe the genotypic, phenotypic and phylogenetic characteristics of strains OJF2
T and OJF8, which are shown to be related most closely to species of the genera Singulisphaera and Isosphaera.
Strains OJF2
T and OJF8 were isolated from an ornamental freshwater aquarium containing four fish of the species Pseudotropheus lombardoi and the ornamental plant Anubias barteri 'nana'. Pieces of schist and river sand were heat sterilized before being placed in the aquarium. The water of the aquarium had a pH around 8.0 and a temperature of 27 u C. The sediments were collected aseptically and washed in sterile 16 PBS to remove the remaining water from the aquarium, suspended in 1 ml of the same buffer and vortexed to remove the attached bacteria. Aliquots of each sample (100 ml) were inoculated into five solid or liquid media (see Supplementary Table S1 available in IJSEM Online). For the selective isolation of planctomycetes, the media were supplemented with (per millilitre) 200 mg ampicillin, 500 mg streptomycin and 20 mg cycloheximide. A vitamin solution composed of (per millilitre) 0.1 mg cyanocobalamine, 2.0 mg biotin, 5.0 mg thiamine-HCl, 5.0 mg Ca pantothenate, 2.0 mg folic acid, 5.0 mg riboflavin and 5.0 mg nicotinamide was added to each medium. The cultures were incubated in the dark at 20 u C. Pure cultures were obtained by subcultivation in the same media and were routinely maintained in PYGV [0.025 % peptone, 0.025 % yeast extract, 0.025 % glucose supplemented with 20 ml Hutner's basal salts l 21 and 10 ml vitamin solution l 21 (Staley, 1968) ] because this was the most adequate medium for growth of the organisms. PYGV medium with 20 % (w/v) glycerol was used for long-term storage of cultures at 280 u C.
To confirm the presence of planctomycetes in the aquarium sediments, CARD-FISH (catalysed reporter deposition fluorescence in situ hybridization) was performed as described by Pernthaler et al. (2002) . The type strain of Singulisphaera acidiphila (DSM 18658 T ) was obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany.
Cell morphology and motility were observed by optical microscopy. Gliding motility and phototaxis were examined on PYGV medium as described by Giovannoni et al. (1987a) . For scanning electron microscopy (HITACHI S-570), cells in liquid PYGV medium were treated according to Lage et al. (1996) . For transmission electron microscopy, cells were harvested from 7-day-old liquid cultures in PYGV, fixed in 2.5 % (w/v) glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 6.8) for 2 h and post-fixed in 1 % (v/v) osmium tetroxide in the same buffer for 4 h. Cells were dehydrated through a graded ethanol series, then propylene oxide and embedded in Epon resin. Ultrathin sections were stained for 10 min in 1 % (v/v) uranyl acetate and for 10 min in Reynolds lead citrate. The sections were examined in a JEOL 100CXII transmission electron microscope. Alternatively, cells were cryopreserved after being transferred to 1.5 mm diameter and 200 mm depth planchettes; they were then immediately cryoimmobilized by using a Leica EMPact high-pressure freezer and freezesubstituted over 3 days at 290 u C in anhydrous acetone containing 2 % (v/v) osmium tetroxide and 0.1 % (v/v) uranyl acetate and then warmed to room temperature at 5 u C h -1 . After several acetone rinses, samples were infiltrated with Epon resin for 2 days and resin was polymerized at 60 u C over 48 h. Ultrathin sections were obtained by using a Leica Ultracut UCT ultramicrotome and mounting on Formvar-coated copper grids that were stained with 2 % (v/v) uranyl acetate in water and in Reynolds lead citrate. Sections were observed in a Tecnai Spirit electron microscope.
Unless otherwise stated, all biochemical and tolerance tests were performed in liquid media at 35 u C with shaking (200 r.p.m.). Growth of strains OJF2
T and OJF8 in PYGV, PYGV4, R2A and IMC (Supplementary Table S1 ) was determined by measuring turbidity at 600 nm. Cells were pre-adapted to each medium for two transfers. All cultures were performed in triplicate. The temperature range for growth was tested from 5 to 45 u C at 5 u C intervals in PYGV agar medium. NaCl tolerance was examined in PYGV agar medium supplemented with NaCl at concentrations of 0-4 %. The pH range for growth was determined in PYGV medium by using the following buffers: 10 mM MES (pH 5.5 and 6.5), HEPPSO (pH 7.5 and 8.5) and CAPS (pH 9.5 and 10.5). Results were observed after 7 days. To study vitamin requirements, a modification of M20c medium (Schlesner et al., 2004) consisting of 0.1 % glucose (w/v), 0.1 % Casamino acids (w/v) and 2 % Hutner's basal salts (v/v) was used. Different vitamin solutions [1 % (v/v), omitting one of the abovementioned co-factors at a time] were added to media. Results were recorded after two transfers in the same medium to avoid false positives due to potential cell storage of the vitamins.
Oxidase and catalase reactions, and hydrolysis of starch, casein, Tween 20, Tween 80, aesculin, elastin, arbutin and xylan were determined by using standard methods (Skerman, 1969; Tindall et al., 2007) . Additional enzyme activities were assessed by using the API ZYM and API 20E systems, according to the manufacturer's instructions (bioMérieux), for 48 h or 2 weeks, respectively. Carbon source oxidation was assessed with the Biolog GN2 MicroPlate System. To inoculate the microplates, strains were grown in PYGV agar medium for 1 week, harvested and resuspended in sterile 0.85 % (w/v) NaCl. Cell suspensions were sonicated for 2 min (15 s pulses) in an ice bath to break up the aggregates. The results were assessed after 2 weeks of incubation. Nitrogen source utilization was determined by using a liquid basal medium containing 0.05 % (w/v) glucose, 0.01 % (w/v) KH 2 PO 4 , 20 ml Hutner's basal salts l 21 and 10 ml vitamin solution l
21
, supplemented with 0.05 % (w/v) of each of the 20 natural amino acids, as well as peptone, yeast extract, Casamino acids, N-acetylglucosamine (NAG), urea, ammonium, nitrate or nitrite. The tests were performed in 24-well plates with 1.5 ml of media. Growth was measured after 1 week. Single-carbon source assimilation tests were performed in a medium composed of Hutner's basal salts (20 ml l ) and the filter-sterilized carbon source (2.0 g l 21 ) were added. Growth of the strains on single carbon sources was examined by measuring the turbidity of cultures incubated at 30 u C in 20 ml screw-capped tubes containing 10 ml of medium for up to 2 weeks. Acid production from carbohydrates was determined by using the API 50 CH system according to the manufacturer's instructions (bioMérieux), with API 50 CHB/E medium. Results were recorded after 1 and 2 weeks of incubation at 30 uC. Anaerobic growth was assessed in cultures in PYGV medium incubated in anaerobic chambers (GENbox anaer; bioMérieux).
Pigments were determined in cell-free extracts by sonicating cell suspensions in 0.1 M Tris/HCl, pH 7.5, followed by centrifugation to remove debris and unbroken cells. The same procedure was followed to obtain acetone/methanol (1 : 1, v/v) extracts. A Jasco V-530 spectrophotometer was used for spectral analysis.
Cultures for chemotaxonomic analysis were grown in PYGV medium until late exponential phase. Cells for polar lipid analysis were harvested by centrifugation, washed in 0.1 M Tris/HCl, pH 7.5, and resuspended in the same buffer. Lipid extraction and two-dimensional TLC were performed according to da Costa et al. (2006) . Lipoquinones were extracted from lyophilized cells, purified by TLC and separated by HPLC as described by da Costa et al. (2006) . Fatty acid methyl esters were obtained from fresh wet biomass, separated, identified and quantified by using the standard MIS Library Generation Software (Microbial ID) as described previously (da Costa et al., 2006) .
For determination of genomic G+C content, DNA was isolated as described by Nielsen et al. (1995) and analysed by HPLC (Mesbah et al., 1989) . The 16S rRNA gene of strains OJF2
T and OJF8 was amplified from genomic DNA extracted with an EZNA Bacterial DNA Isolation kit with universal primers 27F and 1492R (Lane, 1991) . The PCR mixture consisted of 16 PCR buffer, 1.5 mM MgCl 2 , 1 U of GoTaq Flexi DNA polymerase, 200 mM of each dNTP, 2 mM of each primer and 200 ng of genomic DNA to a final volume of 50 ml. The thermal PCR program consisted of an initial denaturing step of 5 min at 95 u C, 30 cycles of 1 min at 94 u C, 1 min at 52 u C and 90 s at 72 u C, and a final extension of 5 min at 72 u C. PCR products were purified by using the GFX PCR DNA and Gel Band purification kit, cloned into pGEM-T Easy vector and transformed in Escherichia coli DH5a. Plasmid DNA was isolated by using the GenElute Plasmid Miniprep kit, and sequenced at STAB Vida (Oeiras, Portugal). ERIC (enterobacterial repetitive intergenic consensus) PCR profiles were obtained as described by Rademaker & De Bruijn (1997) , by using the primer pair ERIC1 and ERIC2 (Versalovic et al., 1991) except that optimal annealing temperature was 48 u C. PCR products were separated by electrophoresis in 1.5 % agarose gels at 60 V for 90 min in 16 TAE buffer and post-stained with 0.5 mg ethidium bromide ml
. The 16S rRNA gene sequences obtained were assembled with Vector NTI Advance 10.3, compared with known sequences in GenBank and aligned by using CLUSTAL W (Thompson et al., 1994) . Phylogenetic and molecular evolutionary analyses were performed with MEGA version 4 (Tamura et al., 2007) . A phylogenetic tree was generated with the neighbour-joining method (Saitou & Nei, 1987) and its topology was compared with that obtained by using the maximum-parsimony method (Fitch, 1971) . Distances were estimated by the Jukes-Cantor method (Jukes & Cantor, 1969) . Bootstrap analysis was based on 1000 resamplings.
Colonies of strains OJF2
T and OJF8 on PYGV medium were small and light pink (Fig. 1a ), but were almost red when grown in media containing 0.1 % (w/v) NAG supplemented with vitamins and Hutner's basal salts. Similar to Isosphaera pallida, older cultures were attached strongly to the solid medium and were very difficult to remove (Giovannoni et al., 1987a) . In the late exponential phase, the organisms formed large pink aggregates resembling snowflakes (Fig. 1b) . Reproduction occurred by budding (Fig. 1c) . Scanning electron microscopy of the isolates revealed the presence of an extracellular material binding the cells (Fig. 2a) . Crateriform pits on the cell surface typical of members of the phylum 'Planctomycetes' were distributed uniformly as in I. pallida and S. acidiphila. Transmission electron microscopy revealed cells with a convoluted paryphoplasm and a riboplasm (pirellulosome) with ribosomes as well as lipid-or glycogen-like granules. The characteristic condensed DNA formed an unmistakable nucleoid ( Fig. 2b and d) . The general ultrastructural characteristics of strains OJF2
T and OJF8 were consistent with the usual morphology of members of the phylum 'Planctomycetes' (Fuerst, 2005 (Fuerst, , 2006 Ward et al., 2006) . Budding occurred through a narrow passage but the connection between the mother cell and the bud was quite wide, resembling the bud-fission characteristic of some yeasts ( Fig. 2a and c) . The buds were always surrounded by electron-dense fibrillar material that was lost as the buds matured.
Growth of strains OJF2
T and OJF8 in liquid media was difficult to measure due to the aggregation of the cells, but similar growth rates in PYGV and IMC, with a doubling time of about 1-2 days, were noted. Growth was inhibited in media with high organic carbon such as R2A and PYGV4. This phenomenon has also been observed with Blastopirellula marina (Schlesner, 1994) and with I. pallida (Giovannoni et al., 1987a) . Strains OJF2 T and OJF8 grew at 10-35 u C, with an optimal temperature for growth of around 30 u C. They showed low tolerance to NaCl (up to 0.25 %) and grew at pH 6.5-9.5, with optimal growth at pH 7.5-8.5.
Strains OJF2
T and OJF8 were cytochrome oxidase-and catalase-positive. They hydrolysed starch, Tween 20, Tween 80 and gelatin, but not urea, casein, elastin, xylan, aesculin or arbutin. Nitrate was not reduced to nitrite and anaerobic growth was not observed. The Biolog GN2 system indicated that hexoses were the primary carbohydrates oxidized. Carbohydrates and organic acids served as single carbon and energy sources for strains OJF2
T and OJF8 but amino acids did not serve as single carbon sources under the conditions examined for single carbon source assimilation. The strains utilized several amino acids and proteinaceous supplements as a source of nitrogen. Of the vitamins tested, only vitamin B12 was required by strains OJF2 T and OJF8. Absorbance spectra of crude extracts and of extracts in acetone/ methanol (1 : 1, v/v) revealed, respectively, the presence of two peaks at 341 and 408 nm or 374 and 408 nm, and a major peak at 494 nm which corresponded to carotenoids.
Phosphatidylcholine, phosphatidylglycerol and diphosphatidylglycerol were the major polar lipids of the organisms as detected by TLC (Supplementary Fig. S1 ). Other unidentified glycolipids and phospholipids were also encountered. Phosphatidylglycerol is a common phospholipid present in the Pirellula-Rhodopirellula-Blastopirellula group and species of the genus Planctomyces (Ward et al., 2006) . Phosphatidylcholine has also been found in some planctomycete strains. The major respiratory lipoquinone of all planctomyces examined is, including that of strains OJF2
T and OJF8, menaquinone 6 (MK-6) (Kulichevskaya et al., 2008 (Kulichevskaya et al., , 2007 Ward et al., 2006) . The fatty acid composition of strains OJF2
T and OJF8 showed a predominance of C 18 : 1 v9c and C 16 : 0 , which accounted for about 64 % of the total (Supplementary Table S2 ). These fatty acids are also the two most abundant fatty acids in the Pirellula-Rhodopirellula-Blastopirellula group, in some strains of Planctomyces (Kerger et al., 1988) and in Singulisphaera (Kulichevskaya et al., 2008) . Several planctomycetes, including strains OJF2
T and OJF8, contain 3-hydroxy fatty acids (Giovannoni et al., 1987b; Sittig & Schlesner, 1993) . C 18 : 2 v6c,12c, found in S. acidiphila, was not detected in the new isolates.
Phylogenetic analysis of almost-complete 16S rRNA gene sequences revealed that strains OJF2
T and OJF8 were affiliated to the phylum 'Planctomycetes', forming a distinct lineage within the phylum together with the genera Isosphaera and Singulisphaera, with a bootstrap confidence of 100 % (Fig. 3) . The two new isolates shared 99.8 % pairwise 16S rRNA gene sequence similarity and were related most closely to uncultured bacteria isolated from grassland soil in California and peat soil in Sarobetsu mire, Japan (97.5 and 96.9 %, respectively). Levels of 16S rRNA gene sequence similarity between strains OJF2
T and OJF8 and the nearest cultured representatives were only 92.4 % with S. acidiphila ATCC BAA-1392 T (Kulichevskaya et al., 2008) and 91.5 % with I. pallida DSM 9630 T (Giovannoni et al., 1987a) . Phylogenetic analysis with the neighbour-joining, maximum-likelihood and maximum-parsimony methods confirmed the positioning of the new isolates. ERIC profiles of strains OJF2
T and OJF8 were almost identical with a different pattern only in the region between 1000 and 1200 bp, showing the genetic similarity between the two isolates. This result confirmed that the isolates are the same strain or are very closely related strains. The G+C content of the DNA of strains OJF2
T and OJF8 was 70.0±0.35 and 69.6±0.45 mol% (mean±SD), respectively.
Based on phylogenetic distinctiveness, genetic characteristics (DNA G+C content), chemotaxonomic parameters (absence of C 18 : 1 v6c,12c, found at very high levels in S. acidiphila) and phenotypic properties (growth temperature range lower than in I. pallida) (Table 1) , we suggest that strains OJF2
T and OJF8 represent a novel species of a new genus within the phylum 'Planctomycetes', for which the name Aquisphaera giovannonii gen. nov., sp. nov. is proposed. Description of Aquisphaera gen. nov.
Aquisphaera (a.qui.sphae9ra. L. n. aqua water; L. fem. n. sphaera a ball, globe, sphere; N.L. fem. n. Aquisphaera a spherical bacterium living in freshwater).
Cells are Gram-negative, with a cell wall lacking peptidoglycan. Reproduce by budding that resembles budding-fission. Gliding motility and phototaxis are not observed. Chemoheterotrophic, strictly aerobic, catalase-and cytochrome oxidase-positive. The major menaquinone is MK-6.
Predominant phospholipids are phosphatidylcholine and phosphatidylglycerol. This genus is a member of the phylum 'Planctomycetes', order Planctomycetales, family Planctomycetaceae. The type species is Aquisphaera giovannonii.
Description of Aquisphaera giovannonii sp. nov.
Aquisphaera giovannonii (gi.o.van.no9ni.i. N.L. masc. n. giovannonii of Giovannoni, in honour of the American microbiologist Stephen Giovannoni). Peptone, yeast extract, Casamino acids, NAG, ammonia, asparagine, aspartate, cysteine, glutamine, ornithine, serine and threonine serve as sources of nitrogen. Nitrate, nitrite and urea are not utilized. Vitamin B12 is required for growth. The mean DNA G+C content of the type strain is 70.0±0.35 mol%.
The type strain, OJF2 T (5CECT 7510 T 5DSM 22561 T ), was isolated from the sediments of a freshwater aquarium. OJF8, isolated from a similar source, is a second strain of the species.
